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Much more is known about structural features of tran- Chromosomal Control
scriptional activation domains than is reflected in this of Gene Expressiontext, and the discussion of the role of coactivators is
limited to the yeast mediator complex and thus misses
Nuclear Organization, Chromatin Structure, and Geneseveral other important classes and functions of coacti-
vators. Expression
Edited By Roel van Driel and Arie P. OtteSources cited in the book include original research
reports, particularly for ªbreakthroughº discoveries, and Oxford: Oxford University Press (1997). 295 pp. $115.00
numerous reviews in journals that are likely to be reason-
ably accessible to the inquisitive reader. While citations
Progress over the past few years has dramatically illus-of original and historical papers are warranted, many of
trated the intimate link between chromosome structurethe references are quite dated and could have been
and the regulation of eukaryotic gene expression. Newsupplanted by more current reports, even given the in-
classes of transcriptional regulators have been identi-herent delay between writing and publishing such a
fied that function at least in part by modification of chro-book. The reader is aided by a reasonable index but no
matin structure, and related functions have been as-glossary, which might be useful to the neophyte to whom
signed to several previously identified transcriptionalthis book is directed. Sections of the text are numbered
regulators. Many of these proteins function in largeand frequently cross-cited when concepts are touched
multisubunit complexes bearing enzymatic activitiesupon more than once. The numerous schematic dia-
that act on chromatin (Armstrong and Emerson, 1998;grams used to illustrate concepts are clean and simple,
Workman and Kingston, 1998). These observations haveadequate but not artistic, although some are difficult to
increasingly merged the ªtranscriptionº and ªchromatinºread when dark letters are superimposed on dark blue
communities of scientists, fueling an acceleration of ex-objects. The sources of photographs and figures bor-
perimental progress in this area. Nuclear Organization,rowed from the scientific literature are acknowledged at
Chromatin Structure, and Gene Expression presents athe front of the book but not with the figures themselves,
snapshot of our understanding of the relationship be-which impedes the reader from readily seeking the origi-
tween chromatin structure and gene expression circanal source for further details. The clumsy manner in
1996. Readers of this book will develop an appreciationwhich new labels are affixed to those original figures
of several long-standing questions and emerging con-detracts from the professional appearance of the book.
cepts related to functional chromatin domains and epi-Moreover, the labels and legends are occasionally inac-
genetic regulation. Writing of the text seems to havecurate; in some cases, the errors will be noticed only
been coincident with the discovery that transcriptionalby those already familiar with the particular experiments,
adaptors and repressors are linked to histone acetyla-whereas in other cases the descriptions of the experi-
tion and deacetylation, respectively (reviewed in Kuoments are sufficiently incomplete as to likely confuse
and Allis, 1998). Thus, the content precedes the conse-the inexperienced reader.
quences of these discoveries and how they have ad-Despite these distractions, this book should find an
vanced our view of the relationship between chromatinappropriate home in the libraries of educational institu-
and transcription.tions with sizable numbers of students enrolled in
This book is divided into three parts: part I, ªNucleo-courses related to molecular biology, and of research
some Dynamics and Transcriptionº; part II, ªHigher Or-institutions whose staff might benefit from a simple in-
der Structure of the Genome and the Nucleusº; and parttroduction to the various aspects of gene expression.
III, ªBiological Structure and Epigenetic Control of GeneLatchman meets the challenge summarized aboveÐ
Expression.º I found parts II and III to be the most re-more successfully on some counts than on othersÐand
warding. Each of these sections contains six chaptershis efforts to capture this field in a digestible serving
with a reasonable overlap of issues. The difficulty withare appreciated.
part I is that it is too dilute, containing only 4 chapters.
This leaves considerable gaps in the topic. In addition,Steven J. Triezenberg
the order of chapters may leave the novice reader floun-Department of Biochemistry
dering before he or she reaches adequate introductoryMichigan State University
material. Chapters 1 and 2 describe details of nucleo-East Lansing, Michigan 48824
some mobility and positioning; however, one must read
to chapter 3 (page 40) before reaching a basic descrip-
tion of histones and nucleosome structure. It may be
preferable to read chapter 3 first. Another concern is
the paucity of helpful illustrations and figures in some
of the chapters. However, there are several excellent
chapters in the book that carefully develop important
concepts, making the text overall a worthwhile read.
Nucleosome Dynamics and Transcription. The nucleo-
some is comprised of an octamer of core histones that
is wrapped with approximately 166 base pairs of DNA
and bound by one linker histone. The basic premises of
the nucleosome structure model presented by Wolffe in
Cell
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chapter 3 (Figure 3.1, p. 41) have been confirmed by nuclear scaffold/matrix attachment sequences, S/MARs,
can apparently function as insulator elements. Thesethe more recent high-resolution crystal structure of the
elements preferentially bind to the nuclear matrix andnucleosome core (Luger et al., 1997). By contrast, based
are thought to form the base of chromosomal loopson work in the Wolffe laboratory the model places the
(chapter 6). Thus, there is some emerging evidence thatlinker histone, H1, inside the DNA turns, off to one side
these potential structural domains (loops) may indeedof the nucleosome dyad (center of the nucleosome).
be related to functional chromatin domains. PerhapsMore recent experiments have challenged this view, ar-
even more complicated than insulators and boundaryguing instead that the linker histone binds at both the
elements are locus control regions, LCRs (chapter 8).nucleosome dyad and the site where DNA enters the
LCRs can overcome heterochromatin-mediated silenc-nucleosome (Zhou et al., 1998). To date, structural stud-
ing and contribute to the coordinate regulation of multi-ies have not localized the amino-terminal tails of the
ple genes within a locus. LCRs are extremely complexcore histones beyond emerging from beneath the DNA
elements, containing multiple DNase I±hypersensitiveturns of the nucleosome core particle. The histone tails
sites that can be spread over tens of kilobases of DNA.are the primary regulatory domains of the histone pro-
In chapter 8, Grosveld and Fraser describe a series ofteins and serve as targets for posttranslational modifica-
hypothesis-driven studies of the human b-globin locustions (e.g., acetylation, phosphorylation, ubiquitination).
that have led to a model of an LCR switching its activityChapter 3 presents a very good review of this literature
between individual genes within a single locus. Thisleading up to the discovery of transcriptional adaptors
model is consistent with more recent single cell expres-as histone modifying enzymes.
sion studies (Gribnau et al., 1998). The action of LCRsChapters 1 and 2 are relatively specialized, focusing
may lead to increased histone acetylation of linkedon experiments analyzing nucleosome mobility in vitro
genes (Madisen et al., 1998).and the role of nucleosome positioning in the regulation
Biological Structure and Epigenetic Control of Geneof the mouse mammary tumor virus promoter. Nucleo-
Regulation. Regulation of gene expression involves re-somes possess an inherent ability for localized move-
pression mechanisms as well as activation mechanisms.ment along DNA (chapter 1). Indeed, nucleosomes that
Mechanisms by which gene repression is achieved ap-appear to be strongly positioned in vivo likely represent
pear to be as complicated and tightly regulated as acti-a distribution of mutiple overlapping positions (Fragoso
vation processes. For example in Drosophila, homeoticet al., 1995) presumably arising from localized mobility.
genes are activated by the functions of the Trithorax
Nucleosome positioning has been implicated in the reg-
group of gene products (chapter 14). The Trithorax
ulation of several inducible genes and is known to occur
group contains several proteins that are found in multi-
at the MMTV promoter, for example, which is described protein complexes including the Drosophila SWI/SNF
in chapter 2. This chapter also raises the important con- (BRM) complex (Papoulas et al., 1998). Conversely, re-
cept that transcription factor±bound DNase I±hyper- pression of homeotic genes requires the Polycomb
sensitive sites are not necessarily devoid of nucleo- group (PcG) of proteins that also function within multi-
somes or histones (Steger and Workman, 1996). protein complexes (chapter 14). PcG proteins can bind
Nucleosome repositioning and/or disruption can re- to over 100 different sites in euchromatin regions of
sult from the action of ATP-dependent chromatin re- the chromosomes that are outside of the repressive
modeling complexes. In chapter 4, Quinn and Peterson heterochromatin regions (chapter 14). The occupancy
describe the discovery of the 2 MDa SWI/SNF complex of PcG proteins at a specific locus coincides with gene
in yeast and humans and the initial work toward the repression and can be temporally switched with the
discovery of the smaller 400±500 kDa nucleosome-remod- occupancy of the activating Trithorax proteins during
eling complexes in Drosophila. We now know that these development (Orlando et al., 1998).
smaller complexes, NURF, CHRAC, and ACF, contain While PcG complexes can repress specific genes in
the ISWI gene product, which is related to the SNF2/ the more open euchromatin regions of the chromo-
SWI2 ATPase subunit of the SWI/SNF complex. More- somes, other genes are repressed via the formation of
over, a second SWI/SNF type complex (termed RSC) condensed heterochromatin. The mechanisms of re-
has been characterized more recently (Cairns, 1998). pressive heterochromatin formation in higher eukary-
Higher Order Structure of the Genome and the Nu- otes remain elusive. However, it is clear that these re-
cleus. While there have been several models over the gions contain the majority of repetitive sequence blocks
last two decades, the structure of chromatin beyond the that appear to actually participate in heterochromatin
level of the nucleosomes is poorly understood (Zlata- formation. In Drosophila increasing the copy number of
nova et al., 1998). There are, however, important func- a transgene can lead to the formation of an apparent
tional domains that are controlled by specific sequence functional heterochromatic region (chapter 13). In addi-
elements (e.g., insulators, boundary elements, locus tion, in some haploid filamentous fungi, tandem and
control regions). The second section in the book begins ectopically duplicated sequences are silenced by exten-
with an outstanding chapter on this issue by Corces and sive DNA methylation (chapter 16). Moreover, plants also
Gerasimova (chapter 5). When flanking a gene, insulator seem to utilize a similar mechanism termed homology-
elements buffer gene expression from the effects of dependent or repeat-induced gene silencing where a
nearby repressive heterochromatin or activating effects repeated sequence can contribute to the methylation
of enhancers. These elements are thought to be bound and silencing of its homolog in cis or in trans (i.e., on
by multiprotein complexes containing proteins impli- another chromosome) (chapter 16). Thus, pairing of ho-
cated in affecting chromatin-related processes (e.g., mologous sequences may be a crucial initiating event
in silencing and the formation of heterochromatin.BEAF-32, Su[Hw], and Mod[Mdg4]). In some instances
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Nan, X., Ng, H.H., Johnson, C.A., Laherty, C.D., Turner, B.M., Eisen-While yeast do not have cytologically identifiable het-
man, R.N., and Bird, A. (1998). Nature 393, 386±389.erochromatin, they do contain similarly repressed do-
Orlando, V., Jane, E.P., Chinwalla, V., Harte, P.J., and Paro, R. (1998).mains (chapter 15). These include the silenced mating
EMBO J. 17, 5141±5150.type cassettes and the ends of the chromosomes that
Papoulas, O., Beek, S.J., Moseley, S.L., McCallum, C.M., Sarte, M.,are silenced by telomeric position effects. A number of
Shearn, A., and Tamkun, J.W. (1998). Development 125, 3955±3966.genes have been identified in yeast that are required for
Steger, D.J., and Workman, J.L. (1996). Bioessays 18, 875±884.gene silencing (Table 15.1, p. 254). Histones H3 and H4
Workman, J.L., and Kingston, R.E. (1998). Annu. Rev. Biochem. 67,are hypoacetylated in silenced regions and appear to be
545±579.bound by complexes containing some of these proteins
Zhou, Y.B., Gerchman, S.E., Ramakrishnan, V., Travers, A., and Mu-including the repressors RAP1, SIR3, and SIR4 near
yldermans, S. (1998). Nature 395, 402±405.
telomeres (Hecht et al., 1996) and the repressors SSN6
Zlatanova, J., Leuba, S.H., and van Holde, K. (1998). Biophys. J. 74,and TUP1 at silenced mating type cassettes (Edmond- 2554±2566.
son et al., 1996). An extreme case of silencing is repre-
sented by X chromosome inactivation in mammals
where X chromosome dosage compensation between
the sexes is accomplished by inactivation of one X chro-
mosome in females. A number of possible epigenetic Intertwining Proteins
mechanisms for X chromosome inactivation are dis-
sected by Riggs and Hershkovitz in chapter 12. X inacti- Helix-Loop-Helix Transcription Factors
vation requires the RNA product of the XIST gene, which By Trevor Littlewood and Gerard I. Evan
is expressed from the inactive X chromosome. Both X Oxford: Oxford University Press (1998). 151 pp. $46.95
chromosome inactivation and genomic imprinting (chap-
ter 11) involve increased methylation of CpG islands in
the inactive regions. Recent studies suggest that meth- More than a decade ago, the Weintraub and Cabrera
ylation contributes to repression via histone deacetyla- laboratories noted a region of homology to c-Myc in
tion. The methyl CpG-binding protein, MeCP2, recruits gene products that specify myogenic and neuronal de-
histone deacetylases as part of transcriptional repressor termination. The Myc homology region was also found
complexes (Nan et al., 1998; Jones et al., 1998). in immunoglobulin enhancer±binding proteins and pro-
Overall this book is an enjoyable read that introduces posed to form a helix-loop-helix (HLH) structure. The
several exciting topics regarding chromosomal gene HLH domain is a DNA-binding and dimerization domain
regulation. I enjoyed the last two of the three sections that allows the formation of homo- and/or heterodimers.
the most as these topics were more fully developed by HLH proteins are transcriptional regulators that function
the larger number of chapters in these sections. Readers either as activators or as repressors. There are now
new to this field should develop an appreciation of the more than 250 different documented members that reg-
exciting concepts that are emerging in understanding ulate cell growth, cell death, cell commitment, and cellu-
functional chromatin domains and epigenetic regulation lar differentiation of many different types of cells in all
of gene expression. eukaryotic organisms.
Until recently, the state of the HLH proteins has been
Jerry L. Workman described and monitored in a number of excellent re-
Howard Hughes Medical Institute and views. However, the expanded knowledge of the HLH
Department of Biochemistry and Molecular Biology field makes it difficult to summarize the properties of
The Pennsylvania State University HLH proteins in a review article. The book Helix-Loop-
University Park, Pennsylvania 16802 Helix Transcription Factors, by Littlewood and Evan, is
a comprehensive manual on the sequences, structures,
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